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700  ft.  All  three  dikes  have  a  maximum  height  of  about  15  ft.  The  visual 

inspection  indicated  that  the  dam  and  dikes  are  generally  in  good  condition. 
The  reservoir  has  a  small  size  classification  and  high  hazard  potential. 


DO  I  jan**7I  1473  EDITION  OF  1  NOV  •»  If  OBSOLETE 


I 


DEPARTMENT  OF  THE  ARMY 

NEVk  E\G,_AND  C.viSICN  CORPS  OF  ENGINEER^ 
TRAFE^C  RCAC 

V^AL'‘-■A^•  *^ASS  ACHOSETTP  C2  1  EA 


NTDF.D 


JUN  3  0  1330 


Honorable  Edward  J.  King 
Governor  of  the  Commonwealth  of 
Massachusetts 
State  House 

Boston,  Massachusetts  02133 


Dear  Governor  King: 

Inclosed  is  a  copy  of  the  Norumbega  Reservoir  Dam  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection  of 
Non-Federal  Dams.  This  report  is  presented  for  your  use  and  is  based 
upon  a  visual  inspection,  a  review  of  the  past  performance  and  a  brief 
hydrological  study  of  the  dam.  A  brief  assessment  is  included  at  the 
beginning  of  the  report.  I  have  approved  the  report  and  support  the 
findings  and  recommendations  described  in  Section  7  and  ask  that  you 
keep  me  Informed  of  the  actions  taken  to  implement  them.  This  follow-up 
action  is  a  vitally  Important  part  of  this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Environ¬ 
mental  Quality  Engineering,  the  cooperating  agency  for  the  Commonwealth 
of  Massachusetts.  In  addition,  a  copy  of  the  report  has  also  been 
furnished  the  owner,  MDC,  Boston,  Massachusetts. 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Environmental  Quality  Engineering  for  your  cooperation  in  carrying  out 
this  program. 


Sincerely, 


Incl 

As  stated 


MAX  B.  SCH EIDER 

Colonel,  Corps  of  Engineers 

Division  Engineer 
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Main  Dam  &  East  Dike,  MA  00782; 

Dikes  2*3,  MA  01208;  Dike  4,  MA  01209 

Norumbega  Reservoir  Dam  and  Dikes 

Weston 

Seaverns  Brook 
October  30,  1979 


Norumbega  Reservoir  is  part  of  the  MDC  Hultman  Aqueduct 
water  supply  system.  The  main  dam  is  comprised  of  a  1,100  foot 
long,  25  foot  high  main  embankment,  and  a  1,200  foot,  10  foot 
high  east  dike.  There  are  also  3  separate  earth  dikes  desig¬ 
nated  dikes  2,  3  and  4.  Dike  2  has  a  length  of  310  feet.  Dike 
3  has  a  length  of  500  feet  and  Dike  4  has  a  length  of  700  feet. 
All  three  dikes  have  maximum  hydraulic  heights  of  approximately 
13  feet.  Directly  north  of  the  main  dam  is  the  MDC ’ s  Schencks 
Pond.  (See  Report  MA  00784).  There  was  no  indepth  engineerim 
data  provided.  Therefore,  the  adequacy  of  the  dam  and  dikes 
were  primarily  evaluated  by  the  visual  inspection,  past  perform¬ 
ance  history,  the  available  as-built  drawings  and  sound  engineer¬ 
ing  judgement.  The  visual  inspection  indicated  the  dam  and 
dikes  to  be  in  generally  good  condition. 

Norumbega  Reservoir  has  a  small  size  classification  and 
high  hazard  potential.  Based  upon  Corps  Guidelines  the  full 
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PMF  was  analyzed.  The  test  flood  inflow  from  the  0.10  s.m. 
drainage  area  is  300  cfs.  The  storage  capacity  of  the  reservoir 
is  enough  to  retain  the  entire  test  inflow  considering  the  initial 
reservoir  level  to  be  the  normal  surface  elevation  of  269+. 

With  the  intital  water  surface  level  at  .271.4+,  spillway 
crest,  the  test  flood  would  surcharge  the  reservoir  to  elevation 
272.8+.  The  test  flood  outflow  is  150+  cfs.  The  spillway  is 
surcharged  1.4+  feet-  At  the  top  of  dam,  elevation  274.4,  the 
spillway  has  a  discharge  capacity  of  500+  cfs. 

The  dam  and  dikes  are  in  generally  good  condition.  However, 
due  to  excessive  growth  of  brush  and  trees  on  the  slopes  and  the 
lack  of  seismic  stability  investigation,  the  dam  and  dikes  are 
rated  fair.  It  is  recommended  that  the  Owner  engage  a  qualified 
registered  professional  engineer  to  assist  with  developing  means 
for  removing  trees  and  roots  from  the  dam  and  dikes  and  selecting 
acceptable  backfill  for  holes  caused  by  root  removal  and  investi¬ 
gating  the  dam  for  seismic  stability. 

Furthermore,  the  Owner  should  institute  certain  remedial 

measures  including  repair  and  prevention  of  slope  erosion  near  the 
gatehouse;  removal  of  brush  and  tree  growth  on  the  slopes  and  spill¬ 
way  channel  floor;  establishment  of  a  formal  warning  system  for 
notifying  downstream  areas  in  event  of  an  emergency;  a  formal 
emergency  operational  procedure  for  the  personnel  with  this  proce¬ 
dure  kept  at  the  gatehouse  and  inspection  of  the  dam  and  dikes 
every  year  at  both  high  and  low  reservoir  levels. 


}lorumbega  Rescr’Toir  Dam  S,  Dikes 


These  above  reconunendations  and  remedial  measures,  should 
be  implemented  by  the  Owner  within  one  year  after  receipt  of 
this  Phase  I  Inspection  Report. 

V' ^  -  ’ y/  .  ’  o  ' 

Ronald  H.  Cheney 
Vice  President 

Hayden,  Harding  i  Buchanan,  Inc. 
Boston,  Massachusetts 
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Thi*  Phase  1  Ins|>ection  Report  on  Norumbega  Reservoir  Dam  and  Dikes 

has  been  reviewed  by  the  undersigned  Review  board  aeobera.  In  our 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase 
I  Investigations.  Copies  of  these  guidelines  may  be  obtained 
from  the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314. 

The  purpose  of  a  Phase  I  Investigation  is  to  identify  expedi- 
oiously  those  dams  which  may  pose  hazards  to  human  life  or 
property.  The  assessment  of  the  general  condition  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation,  and  analyses  involving  topographic  mapping,  sub¬ 
surface  investigations,  testing,  and  detailed  computational 
evaluations  are  beyond  the  scope  of  a  Phase  I  investigation: 
however,  the  investigation  is  intended  to  identify  any  need  for 
such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  t.he 
reported  condition  of  the  dam  is  based  on  observations  of  field 
conditions  at  t-he  time  of  inspection  along  with  data  available 
to  the  inspection  team.  In  cases  where  the  reservoir  was  lowered 
or  drained  prior  to  inspection,  such  action,  while  improving  t.he 
stability  and  safety  of  t.he  dam,  removes  the  normal  load  on  the 
structure  and  .may  obscure  certain  conditions  which  might  ot.her- 
wise  be  detectable  if  inspected  under  t.he  normal  operating  environ¬ 
ment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  c.hanging  internal  and  external  condi¬ 
tions,  and  is  evolutionary  in  nature.  It  would  be  incorrect  to 
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assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  inspection  can  there  be  any 
chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the  es¬ 
tablished  Guidelines,  the  Spillway  Test  flood  is  based  on  the 
estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  Because 
of  the  magnitude  and  rarity  of  such  a  storm  event,  a  fi.nding  that 
a  spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  condition  and  the  downstream  damage  potential. 

The  Phase  1  Investigation  does  not  include  an  assessment  of 
the  need  for  fences,  gates,  no-trespassing  signs,  repairs  to  ex¬ 
isting  fences  and  railings  and  other  items  which  may  be  needed  to 
minimize  trespass  and  provide  greater  security  for  the  facility 
and  safety  to  the  public.  An  evaluation  of  the  project  for  com¬ 
pliance  wit.h  OSHA  rules  and  regulations  is  also  excluded. 
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PHASE  I 

NATIONAL  DAM  INSPECTION  PROGRAiM 


SECTION  1 

PROJECT  INFORMATION 


1. 1  General 

a.  Authority 

Public  Law  92-367,  August  3,  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  ini¬ 
tiate  a  national  program  of  dam  inspection  throughout  the  United 
States.  The  New  England  Division  of  the  Corps  of  Engineers  has 
been  assigned  the  responsibility  of  supervising  the  inspection 
of  dauns  within  the  New  England  Region.  Hayden,  Harding  i  Suchanan, 
Inc.  has  been  retained  by  the  New  England  Division  to  inspect  and 
report  on  selected  dams  in  the  State  of  .Massachusetts.  .Authoriza¬ 
tion  and  notice  to  proceed  was  issued  Hayden,  Harding  i  Buchanan, 
Inc.  under  a  letter  of  24  October  1979  from  William  E.  .Hodgson  Jr., 
Colonel,  Corps  of  Engineers.  Contract  .No.  DACW  33-30-C-0006  has 
been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b .  Purpose 

(1)  Perform  technical  inspection  and  evaluation  of  .tcn- 
Federal  dams  to  identify  conditions  which  threaten  the  public 
safety  and  thus  permit  correction  in  a  timely  manner  by  non-Federal 
interests . 

(2)  Encourage  and  assist  the  States  to  initiate  quickly 
effective  dam  safety  programs  for  non-Federal  dams. 

(3)  To  update,  verify  and  complete  the  National  I.nventory 


o  f  Dams . 


1 . 2  Description  of  Project 


a .  Location 

Morumbeca  Reservoir  Dam  is  located  in  the  Town  of 
Weston  in  Middlesex  County,  Massachusetts.  The  dam  is  located 
off  Oak  Street  approximately  1,700  feet  southwest  of  where 
Oak  Street  crosses  the  Massachusetts  Turnpike.  The  dam  im¬ 
pounds  water  from  t!ie  MDC  Hultman  Aqueduct.  Directly  north 
if  the  dam  is  the  MDC ' s  Schencks  Pond  {see  Report  MA  00784). 
Morumbeqa  Reservoir  Dam  is  shown  on  the  Matick,  Massachusetts 
Quadrangle  having  the  approximate  coordinates  of  North  42°20'05", 
West  71^17 *42". 

b.  Description  of  Dam  and  Appurtenances 

Norumbega  Reservoir  is  part  of  the  MDC  Hultman  Aqueduct 
System.  It  is  com.prised  of  a  1,100  foot  long,  25  foot  high 
(hydraulic  height)  main  earth  embankment,  plus  3  separate  earth 
dikes  and  a  1,200  foot  earth  embankment  access  road  {east  dike). 

The  main  dam  contains  an  ungated  emergency  spillway  and  a  stone 
masonry  gatehouse.  See  plan  view  in  Appendix  3  for  locations. 

The  main  dam  embankment  has  a  maximum  structural  height  of  42+ 
feet  and  a  typical  crest  width  of  about  10  feet.  The  embankment 
contains  an  impervious  central  core,  semi-impervious  transition 
sections  and  consolidated  pervious  shells.  The  upstream  slope 
is  riprapped  on  a  2H:1V  slope,  photographs  1  and  2.  The  riprap 
is  underlaid  by  a  12  inch  crushed  stone  or  by  a  screened  gravel 
layer.  The  downstream  slope  is  turf  lined  and  sloped  at  2H:1V, 
photographs  3  and  4.  The  embankment  is  founded  on  bedrock  having 
a  concrete  cut-off.  The  rock  below  was  grouted  through  shallow 
drill  holes. 
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The  1,200  foot  access  service  road  embankment  will  be  re¬ 
ferred  CO  as  the  east  dike  in  this  report.  It  has  a  common  impact 
area  with  that  of  the  main  dam  and  therefore  will  have  the  same 
inventory  number.  The  east  dike  is  located  to  the  right  of  the 
gatehouse.  It  contains  an  impervious  core,  a  riprapped  u^-stream 
slope  and  has  a  variable  height  of  approximately  4  to  10  feet.  The 
majority  of  this  embankment  would  not  retain  water  under  normal 
pool  elevation,  of  269  or  less.  The  top  elevation  of  the  east  dike 
is  274.4. 

The  gatehouse  is  a  stone  masonry  structure  as  shown 
by  photograph  1.  The  MDC  Hultman  Aqueduct  from  Southborough 
traverses  below  the  reservoir  and  gatehouse.  There  is  also  a  gate 
7-1/2  foot  high  by  6-1/2  foot  wide  concrete  conduit  which  extends 
approximately  65  feet  from  an  upstream  intake  structure  into  the 
gatehouse  and  a  gated  5  foot  high  by  4  foot  wide  concrete  conduit 
extending  from  the  gatehouse  to  an  outlet  structure  at  Schencks 
Pond.  Below  the  gatehouse,  the  Aqueduct  has  an  opening  which 
leads  into  a  common  well  with  the  two  conduits.  The  Aqueduct 
and  the  two  conduits  all  contain  provisions  for  stoplogs  at  their 
well  entrance.  Normally  the  gate  leading  to  the  Schencks 
Pond  outlet  is  kept  closed  and  the  Aqueduct  -  Norumbega 
conduit  well  entrances  are  left  open.  By  maintaining  these 
controls  in  this  configuration,  an  equal  head  between  the 
Aqueduct  and  Norumbega  Reservoir  will  automatically  be  esta¬ 
blished.  See  drawing  B-IC  in  Appendix  B.  There  is  an  overflow 
weir  within  the  well  chaniber  which  is  set  at  elevation  269. 
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When  the  elevation  of  the  reservoir  (or  Aqueduct)  exceeds  this 
elevation,  water  will  overflow  the  weir  and  enter  the  Schencks 
Pond  outlet  conduit  th- jugh  a  2  foot  diameter  cast  iron  pipe. 

See  plans  in  Appendix  B.  There  are  also  4  inch  ammonia  and 
chlorine  lines  which  feed  the  chemicals  into  the  gatehouse 
from  a  chlorination  storage  house  located  approximately  200 
feet  downstream. 

There  is  a  40+  foot  long  ungated  emergency  spillway 
located  at  the  left  abutment.  The  spillway  is  approximately 
120  feet  wide  and  is  turf  lined  with  placed  mortared  stone  on  the 
right  side  slope,  see  photographs  3,  6,  7  and  8  and  plans  in 
.Appendix  B. 

There  are  three  dikes  located  on  the  southern  and  western 
shores  of  the  resert^oir.  The  dikes  all  contain  impervious  cores 
and  have  riprapped  upstream  slopes  at  2H:iy.  The  downstream 
slopes  are  turf  lined  and  generally  slope  into  existing  topography 
on  a  2H :  IV  slope.  Dikes  2  and  4  have  approximate  lengt.hs  of  310 
feet  and  700  feet,  respectively,  and  a  maximum  hydraulic  height 
of  15  feet  each.  Dike  3  has  a  length  of  500  feet,  a  naxi.mum 
structural  height  of  15  feet  and  a  riprapped  upstream  side  slope 
inclined  at  2H:1V  similar  to  the  other  dikes.  However,  Dike  3 
has  a  40  foot  wide  lower  berm  upstream  of  its  crest  (service  road) . 
During  construction  spoil  removed  from  the  basin  was  apparently 
piled  behind  (downstream  of)  the  crest.  The  magnitude  of  the  spoil 
embankment  above  and  behind  the  crest  makes  failure  of  this  dike 
highly  unlikely.  If  a  failure  were  to  occur,  the  impact  area  would 
be  the  same  as  that  of  Dike  2. 
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Size  Classification 


c . 

Norubmega  Reservoir  Dam  and  Dikes  are  being  classified 
as  small  based  on  their  maximum  hydraulic  height  of  25  feet  and 
storage  capcity  of  500  acre-feet. 

d.  Hazard  Classification 

The  dam  and  dikes  have  high  hazard  classifications,  due 
to  the  high  potential  for  loss  of  life  should  dam  or  dikes  fail. 

Based  upon  Corps  Guidelines,  the  main  dam  and  east  dike,  dike  =2, 
and  dike  44,  have  peak  failure  discharges  of  37,380  cfs,  7,814 
cfs  and  7,814  cfs,  respectively. 

At  the  main  dam,  the  spillway,  prior  to  dam  failure, 
will  be  discharging  about  500  cfs.  Flood  stage  throughout 
the  impact  area  easterly  along  the  Massachusetts  Turnpike  is 
about  one  to  two  feet  deep.  About  13  homes,  the  Massachusetts 
Turnpike  and  sideroads  are  flooded  by  this  base  flow. 

Dam  failure  discharge  flood  stage  varies  from  seven 
to  12  feet  deep.  The  13  homes  impacted  by  base  flow  flooding 
receive  additional  flooding  due  to  dam  failure  flooding 
conditions.  There  will  also  be  another  20  homes  im.pacted 
by  dam  failure  flooding.  Damage  will  be  caused  by  two  to 
five  feet  of  flood  water.  The  Massachusetts  Turnpike  and 
several  sideroads  are  also  flooded  bv  dam  failure  flood 
waters . 

Dikes  #2  and  4  3  have  a  comm.on  impact  area  which  exter-.cs 
westerly,  along  the  Massachusetts  Turnpike.  There  is  no  base 
flow  flooding  condition.  One  house  is  impacted  near  Wellesley 
Street.  Flood  and  damage  stage  is  about  four  feet  deep.  Another 
structure  appears  to  be  just  above  the  flood  stage  and  does  not 
recei’.’e  any  apparent  damage. 
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Dike  #4  has  an  impact  area  which  extends  from  Glen 


Road,  Shady  Hill  Road  and  Woodchester  Road,  to  Wellesley  Street, 
south  of  that  for  dikes  *2  and  43.  There  is  no  base  flow  flood¬ 
ing  condition.  Dam  failure  flood  stage  varies  from  three  to 
ten  feet  deep.  Flood  damage  to  homes  varies  from  two  to  six 
feet.  At  least  33  homes  are  damaged. 

e .  Ownership 

The  dam  has  always  been  owned  by  the  MDC . 

f .  Operator 

The  dam  is  maintained  and  operated  by  the  MDC. 

Mr.  Charles  Demeo  is  the  designated  caretaker.  The  address 
is  Oak  Street,  Weston,  Massachusetts  02193.  (Telephone 
617-235-2707) . 

'9*  Purpose  of  Dam 

The  dam  is  a  part  of  the  MDC  high  level  water  distri¬ 
bution  system. 

h .  Design  and  Construction  History 

Design  of  the  dam  was  completed  in  the  late  19  30 's. 
Construction  was  completed  in  the  early  1940 's.  There  are  no 
apparent  post  construction  changes. 

i .  .Wormal  Operational  Procedures 

The  reservoir  is  part  of  the  MDC  water  system  from 
the  Quabbin  Reservoir.  The  Hultman  Aqueduct  traverses  under 
the  reservoir  and  gatehouse.  The  Aqueduct  can  automatically 
discharge  water  into  and  drain  water  from,  the  reservoir,  as 
demand  varies.  The  reservoir  is  manned  24  hours  per  day. 

Every  2  hours  the  reseri^oir  water  level  is  determined  and  the 
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MDC  station  in  Southborough  is  notified.  Flow  into  the  Hultinan 
Aqueduct  is  regulated  at  Southborough.  When  the  elevation  of 
rhe  Norun±>ega  Reservoir  e.xceeds  269,  water  flows  over  a  gate¬ 
house  weir  and  into  Schenks  Pond  below.  If  the  level  of  down¬ 
stream  Schencks  Pond  is  too  low  to  maintain  its  outlet  brook, 
water  is  discharged  from  the  Morumbega  Reservoir  into  Schencks 
Pond  through  the  7-1/2  x  6-1/2  and  5x4  foot  conduits. 

1 . 3  Pertinent  Data 

a .  Drainage  Area 

The  drainage  area,  0.10  s.m.  (63  acres)  is  undeveloped 
wooded  land  which  is  owned  by  the  MDC.  The  reservoir  has  a  surface 
area  of  about  50  acres  at  the  top  of  dam.  The  surrounding  land  area, 
13  acres,  is  just  a  "narrow"  buffer  of  land  around  the  reservoir. 

It  provides  very  little  runoff  to  replenish  the  reservoir. 

The  reservoir  is  a  part  of  the  .MDC  water  supply  syste.m. 

The  reservoir  was  formed  by  constructing  about  3,800  feet  of 
dam  and  dikes  having  a  maximum  height  of  25  feet.  There  is  one 
main  dam  with  an  attached  service  road  which  can  act  as  a  dike 
and  3  ocher  dikes. 

The  Hultman  Aqueduct  passes  beneath  the  northern  part 
of  the  reservoir  and  below  the  dam  at  the  gatehouse.  Water 
from  the  aqueduct  is  Jisc.harged  into  the  reservoir  to  maintain 
its  level.  The  reservoir  provides  temporary  storage  for  t.his 
water.  Some  water  is  discharged  from  Norumbega  Reservoir  into 
Schencks  Pond  and  ultimately  into  Seaverns  Brook. 

Seaverns  Brock  flows  1.5  miles  northeast  into  the 
Charles  River,  at  Newton,  Massachusetts.  The  brook  crosses 
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Oak  Street,  1,000  feet  downstream  of  Schencks  Pond,  At  Oak  Street 
there  is  a  small  residential  development.  About  1,500  feet  further 
downstream  the  brook  flows  under  the  Massachusetts  Turnpike,  towards 
another  residential  area  and  then  to  the  Charles  River, 
b .  Discharge  at  Damsite 

1 .  Outlet  Works 

The  outlet  works  consists  of  a  reinforced  concrete 
conduit  measuring  7-1/2  feet  wide  by  6-1/2  feet  high  on  the  in¬ 
let  side  of  the  Aqueduct  and  5  feet  wide  by  4  feet  high  on  the 
outlet  side.  This  5  by  4  foot  conduit  outlets  into  Schencks 
Reservoir.  The  7-1/2  by  6-1/2  foot  inlet  invert  is  at  elevation 
239+  (NGVD) .  The  3  by  4  foot  outlet  invert  elevation  is  232+ 

The  bottom  of  pond  elevation  234.65+  at  the  outlet  conduit  is 
slightly  higher.  With  the  3x2  foot  sluice  gate  open,  the  5x4 
foot  outlet  could  discharge  100+  cfs,  depending  upon  available 
head . 

The  Hultman  Aqueduct  has  an  "automatic"  overflow 
weir  at  elevation  269.  This  weir  can  discharge  water  into  a 
24  inch  pipe  which  is  connected  to  the  5  by  4  foot  conduit.  There 
are  also  provisions  for  stoplogs  and  scree.n  on  the  Aqueduct, 
inside  the  gatehouse. 

2 .  Maximum  Known  Flood 

Records  of  maximum  flooding  conditions  at  the  damsite 
were  not  available  at  the  gatehouse.  According  to  MDC  personnel  the 
aam  has  ne'^'er  been  overtopped.  Past  records  of  daily  reservoir 
readings  are  filed  at  the  MDC  Sudbury  office.  The  U.S.  Weather 
Bureau  records  indicate  that  between  10  to  12  inches  of  rainfall 
-ccurred  near  the  progect  location  between  August  1’’  to  20,  1955. 
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The  spillway  has  a  maximum  capacity  of  about  500 
Its  bottom  elevation  is  271. 4+.  The  top  of  dam  elevation  is 


274.4.  The  spillway  has  no  provisions  for  controls, 
spillway  outlets  into  Schencks  Pond. 

4 .  Ungated  Spillway  Capacity  at  Test  Flood 
At  the  test  flood  surcharge  elevation  of 
the  spillway  discharge  is  150  cfs. 


The 


272.3, 


Elevation  (ft.  above  NGVD  -  approximate  only) 


(1)  Streambed  at  toe  of  dam -  234.6  5- 

bottom  of  Schencks  Pond 

(2)  Bottom  of  cutoff -  234- 

(3)  Maximum  tailwater  -  251.5+ 

overflows  Schencks  Dam 

(4)  Water  supply  normal  pool  -  269.0+ 

(5)  Full  flood  control  pool - M  A 

(6)  Spillway  crest  -  271.4+ 

(7)  Design  surcharge  (Original  Design)  -  Unknown 

(3)  Top  of  dam -  2^4.4 

(9)  Test  flood  surcharge  -  272.3+ 

d.  Reservoir  (Length  in  feet) 

(1)  Water  supply  normal  pool -  1~00  + 

(2)  Test  flood  pool -  1725+ 

(3)  Spillway  crest  pool -  1~25  + 

(4)  Top  of  dam -  1750- 

(5)  Flood  control  pool - U  A 

e.  Storage  (acre-feet) 

(1)  Water  supply  normal  pool -  2  50 


(elevation  269  ' 


(2)  Spillway  crest  pool -  35  5 

(3)  Test  flood  pool -  42  5 

(4)  Top  of  dam -  50  0 

(5)  Flood  control  pool - X,  A 

Reservoir  Surface  (acres) 

(1)  Normal  pool -  4  0 

(2)  Spillway  crest -  4  2.5 
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(3) 

Test  nooa 

pool - 

-  43. 

3 

(4) 

Top  of  dam 

-  50 

(  5 ) 

Flood  contr 

ol  pool  - 

- N/ 

'A 

Dam 

Dikes 

Dike  »2 

Dike 

#3  Dike  =4 

East 

Dike 

(1) 

Type  -  earth,  gravity 

ear 

'th,  gravity 

(2) 

Length  -  1100  ft.  main  310'+ 
dam 

500  ' 

±  'OO't 

1200 

1 

(3) 

Height  -  25 

'+  max.  15' 

15' 

15  ’  + 

10 

'  + 

(4) 

Top  Width  - 

10'  10' 

10  ' 

10  ' 

10 

f 

(5) 

Side  Slopes 

-  U.S.  i  d . s . 

2:1 

U.S. 

and  d.s.  2:3. 

(6) 

Zoning  -  impervious,  semi- 

same  as  dam 

impervious  &  pervious 
embankment 

(7)  Impervious  Core  -  rolled  imper-  same  as  dam 

vious  material 

(8)  Cutoff  -  concrete  &  impervious  same  as  dam 

soil 

(9)  Grout  curtain  -  bedrock  grouted  same  as  dam 

(10)  Other  -  crushed  stone  &  riprap  same  as  dam 

on  U.S.  toe  drains 

Diversion  and  Regulating  Tunnel  -  none  at  this  projec; 
Spillway 


1 1 }  Type - 

(2)  Length  of  weir  - 

(3)  Crest  elevation 


-  turr  linea 

-  40  'y 

-  2~1.42: 

(no  f dashboards ) 


'4)  Gates  - 

''3)  "  Channel 
(6)  D-'S  Channel 
.7'  General  - 


- None 

-  turfed 

- heavily  ’-ecetated 

right  side  slope  lined  with 
placed  mortared  stone 
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j .  Regulating  Outlets 

The  regulating  outlets  for  the  reservoir  are  an  over¬ 
flow  weir  in  the  gatehouse  at  elevations  269,  the  stoplogs  at 
the  combined  well  chairbier  at  elev’ation  232  and  the  3x2  foot 
sluice  gate  for  the  4x5  foot  conduit  at  elevation  232.  These 
can  act  as  a  main  drain  from  Norumbega  Reservoir  into  Schencks 
Pond.  These  culverts  can  be  operated  in  combination  so  that 
Norumbega  Reservoir  can  be  drained. 
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SECTION  2 


ENGINEERING  DATA 


2 . 1  Design  Data 

The  dam  was  designed  in  the  late  1930 's.  No  indepth 
design  calculations  were  located. 

2 . 2  Construction  Data 

Construction  of  the  dam  was  completed  in  1940.  As-built 
plans  dated  1945  were  made  available  by  the  MDC . 

2 . 3  Operation  Data 

The  dam  is  maintained  and  operated  by  the  MDC.  Flow  in 
the  Aqueduct  is  regulated  by  the  upstream  Southborough  station 
based  on  periodic  monitoring  of  the  water  level  at  Norumbega 
Reservoir.  No  formal  operations  manual  for  this  project  was 
made  available. 

2 . 4  Evaluation  of  Data 

a .  Availability 

As-built  plans  were  made  available  at  the  MDC  Water 
Di'.’ision  Office  at  20  Somerset  Street,  Boston,  Massachuserts . 

A  State  Inspection  Report  dated  1974,  was  made  available  at 
the  Department  of  Environmental  Quality  Engineering,  Division 
of  Waterways,  Boston  Office. 

b .  Adequacy 

Indepth  engineering  data  was  not  provided  and  dees  not 
allow  for  a  definitive  review.  Therefore,  the  adequacy  of  this 
dam,  structurally  and  hydraulically,  cannot  be  assessed  from  the 
standpoint  of  review  of  design  calculations,  but  must  be  based 
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primarily  on  the  visual  inspection,  past  performance  history, 
the  available  as-built  drawings,  and  sound  engineering  judge¬ 
ment. 

c .  Validity 

The  visual  inspection  of  this  facility  showed  no  reason 
to  question  the  validity  of  the  information  supplied. 
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SECTION  3 


VISUAL  INSPECTION 


3 . 1  Findings 

a .  General 

At  the  time  of  inspection  the  water  in  the  reservoir 
was  about  6  feet  below  the  top  of  the  dam.  Visual  inspection 
of  the  main  dam  and  east  dike,  dikes  2,  3  and  4  were  made. 

b .  Dam 

The  main  dam  is  zoned  earth  embankment  about  1,100 
feet  in  length  and  about  25  feet  in  height  with  an  emergency 
spillway  adjacent  to  the  left  abutment.  The  upstream 
slope  of  the  main  dam  is  protected  by  rip’rap  which  is  in  gen¬ 
erally  good  condition,  photographs  1  and  2.  A  sm.all  amount 
of  brush  and  dead  branches  were  observed  on  the  upstream,  slope. 

An  eroded  area  on  the  upstream  slope  to  the  right  of  t.he  gate¬ 
house  is  shown  in  photographs  9  and  10.  This  eroded  area 
appears  to  have  been  caused  by  surface  water  runoff  from,  the 
asphalt  parking  lot. 

The  crest  of  the  dam  is  partly  grass  covered  and  partly 
covered  with  stone,  photograph  11.  Maintenance  traffic  has 
caused  minor  rutting  of  the  surface.  No  evidence  of  cracking 
or  misalignment  of  the  crest  that  could  be  attributed  to  embank- 
m,ent  movement  was  observed.  The  downstream  slope  of  the  main 
dam  is  shown  in  photographs  3  and  4.  The  slope  is  hummocky  and 
contains  many  areas  which  are  covered  with  brush  growth.  Several 
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bedrock  or  boulder  outcrops  up  to  7  feet  in  the  longest  diioension 
were  observed  on  the  downstream  slope  and  toe  of  the  dam.  An 
eroded  areas  was  observed  on  the  downstream  slope  near  the  gate¬ 
house,  photograph  12.  A  6  inch  I.D.  clay  pipe  was  observed  in 
the  above  eroded  area.  A  small  channel  was  observed  on  the 
downstream  slope  near  the  gatehouse  presumably  caused  by  surface 
water  runoff  from  the  asphalt  parking  lot,  photograph  13.  \'o 

seepage  was  observed  on  the  downstream  side  of  the  dam. 

The  east  dike  is  zoned  earth  embankment  about  1,200 
feet  long  and  about  10  feet  in  height  with  a  roadway  on  the  crest, 
photographs  14  and  15.  Trees  and  brush  were  observed  growi.ng 
through  the  riprap  on  the  upstream  slope.  The  crest  of  the  dike 
was  covered  with  grass  and  gravel  and  showed  no  signs  of  cracking 
or  misalignment  that  could  be  attributed  to  embankment  movement. 
The  downstream  slope  was  covered  with  brush  growth  and  showed  no 
signs  of  seepage. 

Pike  4  is  a  zoned  earth  embankment  about  700  feet  long 
and  about  15  feet  in  height  with  a  roadway  on  the  crest.  The 
upstream  slope  is  covered  with  riprap  in  good  condition,  photo¬ 
graph  16.  Large  trees  are  growing  on  t.he  upstream,  side  of  the 
right  abutment.  The  crest  of  the  dike,  covered  mainly  with  a 
aravei  surfacing,  showed  no  evidence  of  cracking  or  misalignment 
that  could  be  attributed  to  embankment  movement,  photograph  17. 

The  downstream  slope  and  downstream  area  of  this  dike,  photographs 
17  and  13  are  covered  with  grass  and  brush  growth  and  showed  no 
signs  of  seepage.  At  the  time  of  inspection,  the  reservoir  level 
was  at  about  the  same  elevation  as  the  downstream  toe  of  the  like. 
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Dike  2  is  zoned  earth  embankment  about  310  feet  long 
and  about  15  feet  in  height  and  located  over  a  pressure  aqueduct 
designed  to  pass  under  the  dike.  The  upstream  slope  is  covered 
with  riprap  in  good  condition  with  the  exception  of  tree  growth 
near  the  top,  photographs  19  and  20.  The  crest  of  the  dike, 
shown  in  photograph  19,  is  used  as  a  roadway  and  is  covered  with 
grass  and  a  gravel  surfacing.  Mo  evidence  of  cracking  or  mis¬ 
alignment  of  the  crest  that  could  be  attributed  to  embankment 
movement  was  observed.  The  downstream  slope  is  covered  with 
grass,  brush  growth,  and  small  trees,  photograph  21.  A  drainage 
ditch  was  observed  on  the  downstream  left  side  of  the  dike. 

Water  was  observed  in  the  ditch  starting  at  the  location  of  a 
6  inch  diameter  clay  pipe  oriented  roughly  perpendicular  to  the 
crest  of  the  dike,  photographs  22  and  23.  It  is  not  known  if 
the  clay  pipe  is  an  outlet  for  a  toe  drain  in  the  dike.  The 
right  abut.ment  of  the  dike  is  a  bedrock  ridge. 

Dike  3  has  a  length  of  500  feet  and  a  maximum  structural 
height  of  15  feet  as  shown  by  photograph  27.  It  has  a  riprap 
upstream,  slope  i.nclined  at  2H:1V.  Dike  3  contains  a  40+  foot 
berm  upstream  of  the  crest.  During  construction,  spoil  material 
removed  from  the  reservoir  area  was  apparently  piled  behind  the 
crest.  The  m.agnitude  of  the  spoil  material  above  and  behind  the 
irests  makes  failure  of  this  dike  highly  unlikely. 

1 .  Appurtenant  Structures 

7be  spillway  is  located  .next  to  the  left  abutment  of  t.he 
-am  iam.  'he  :2oor  of  the  spillway  is  grass  covered,  photograph 
5.  The  riiht  side  of  t.he  spillway  channel  is  covered  with  mor- 
tare-i  stone,  as  shown  in  photograph  6  and  the  spillway  crest 
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::cnsists  of  an  18  inch  '..'ide  concrete  wall,  as  shown  in  photograph 
7.  A  bedrock  or  boulder  outcrop  was  observed  at  the  spillway  en¬ 
trance.  The  downstream  area  of  the  spillway  is  heavily  forested, 
as  shown  in  photograph  3. 

The  intakes  to  the  gatehouse  were  underwater  and  could 
not  be  inspected.  Separation  of  asphalt  paving  from  the  down¬ 
stream  wall  of  the  masonry  gatehouse  was  observed,  as  shewn  in 
photograph  24.  Pipes  were  observed  entering  the  asphalt  paving 
at  the  right  and  left  sides  of  the  downstream  wall  of  the  gatehouse 
photographs  24  and  25.  T.he  stone  masonry  gatehouse  structure, 
photograph  1,  was  in  generally  good  condition.  Ml  gate  valves 
and  stoplogs  are  reported  to  be  operable. 

d .  P'eservoir  Area 

Bedrock  outcrops  were  observed  in  the  reservoir.  There 
are  no  indications  of  instability  along  the  banks  of  the  reservoir 
in  the  vicin_ty  of  the  dam  or  di.kes. 

e .  Downstream  Channel 

Water  which  flows  over  the  spillway  enters  Schencks  Pond. 

3 . 2  Evaluation 

Visual  inspection  indicates  the  dam  and  dikes  are  in  generally 
good  condition.  However,  due  to  excessive  growth  of  brush  and 
trees  on  t.he  slopes  of  the  dam  and  dikes  and  the  lack  of  seismdc 
stability  investigation,  the  overall  rating  is  fair. 

Wo  evidence  of  seepage  throug.h  the  dam  or  dikes  was  ob¬ 
served;  however,  the  reservoir  was  not  at  its  highest  level. 

Minor  erosion  on  t.he  upstream  and  dov/nstream  slooes  cf  the  aam 
a.nd  brush  and  tree  growt.h  on  che  dam  and  dikes  do  not  represent 
a.n  immediate  stability  problem  but  should  be  corrected  as  re- 
comimended  in  Section  . 
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SECTION  4 


OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4 . 1  Operational  Procedures 

a .  General 

Norumbega  Reservoir  Dam  is  a  high  level  distribution 
facility  on  the  MDC  Hultman  Aqueduct.  The  Aqueduct  can  auto¬ 
matically  discharge  water  into  and  drain  water  from  the  reser¬ 
voir  as  demand  varies.  The  reservoir  is  monitored  24  hours 
per  day.  Water  levels  are  periodically  taken  and  the  discharge 
from  upstream  Southborough  MDC  station  regulated  accordingly. 
When  the  water  level  of  Schencks  Pond  located  immediately  down¬ 
stream  is  too  low  to  maintain  flow  in  its  outlet  brook  or  the 
level  of  Norumbega  exceeds  elevation  269,  water  is  discharged 
into  Schencks. 

b .  Description  of  Warning  System 

There  is  no  warning  system  to  notify  the  impact  area 
in  the  event  of  an  emergency.  However,  the  gatehouse  is  moni¬ 
tored  24  hours  per  day. 

4 . 2  Maintenance  Procedures 

a .  General 

The  MDC  is  responsible  for  the  maintenance  of  the  facil 
There  is  .no  formal  maintenance  schedule.  MDC  personnel  perform 
periodic  maintenance  as  required. 

b .  Cperatina  Facilities 

The  gatehouse  is  manned  by  .'"DC  personnel  2  hours  oer 
lay.  .he  facilities  related  to  the  .\queduct  ca.n  be  assessed 
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vand  repaired  when  necessary)  based  on  daily  operation.  The 
gate  controls  for  the  Norumbega  outlet  into  Schencks,  is  used 
infrequently,  but  is  reportedly  operable. 

4 . 3  Evaluation 

There  are  no  Lorm.al  maintenance  procedures  for  the  dam. 
MDC  personnel  perform  maintenance  as  required.  Brush  growth 
and  trees  on  the  upstream  and  downstream  slopes  should  be  cut 
as  part  of  routine  maintenance.  The  dam  should  be  inspected 
every  year  by  a  qualified  registered  professional  engineer 
who  can  identify  areas  of  concern,  which  if  left  unchecked 
could  jeopardize  the  safety  of  the  dam. 
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SECTION  5 


EVALUATION  OF  HYDR^ULIC/HYDROLOGIC  FEATURES 


5 . 1  General 

Norunnhega  Reservoir  is  located  in  the  Town  of  Weston, 
Massachusetts  about  1,000  feet  south  of  the  Massachusetts 
Turnpike.  The  reservoir  is  part  of  the  MDC  water  supply  system. 
The  Hultman  Aqueduct  supplies  water  to  the  reservoir.  It  is  a 
temporary  storage  facility. 

The  reservoir  was  formed  by  constructing  about  3,300  feet 
of  dam  and  dikes  at  the  location  of  an  existing  pond  (Schencks 
Pond) .  The  maximum  height  of  these  embankments  range  between 
15  and  25  feet.  The  natural,  reservoir  drainage  area  is  about 
63  acres  in  size.  The  13  acre  land  area  around  the  50  acre 
reservoir  is  a  very  narrow  buffer.  The  reservoir  receives 
little  runoff  from  the  small  13  acre  drainage  area. 

See  Appendixes  3,  C  and  D  for  engineering  data,  photographs 
and  hydraulic/hydrologic  information. 

5 . 2  Design  Data 

The  reservoir  was  designed  in  the  late  1930's  and  built  in 
the  early  1940 's.  Original  design  data  was  not  located  for  in¬ 
clusion  in  this  report.  Original  construction  plans  were  obtained 
from  t.he  MDC. 

5  .  3  Experi-'^nce  Data 

There  are  no  records  kept  at  the  gatehouse,  of  the  dam  ever 
being  overtopped  or  of  past  flood  experience.  According  to  MDC 
personnel  the  dam  has  never  been  overtopped.  Past  records  of  daily 
reservoir  readings  are  kept  at  the  MDC  Sudbury  office.  The  small 
size  of  the  reservoir's  drainage  area  would  limit  the  amount  of 
runoff  even  from  the  largest  storms. 
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The  U,S.  Weather  Bureau  records  indicate  that  from  August 
17  to  20,  1955  about  10  to  12  inches  of  rainfall  occurred  near 
the  project  location. 

5 . 4  Test  Flood  Analysis 

Worumbega  Reservoir  has  a  small  size  classification  and  high 
hazard  potential.  Based  upon  Corps  Guidelines  the  test  flood 
would  be  in  the  1/2  PMF  to  PMF  range.  The  PMF  was  chosen  due  to 
rhe  amount  of  development  withi.n  the  dam  failure  impact  area. 

The  test  flood  inflow  from  the  0.10  s.m.  drainage  area  is  300  cfs. 

Assuming  the  initial  water  surface  was  at  the  spillway  level, 
elevation  271.4,  the  test  flood  would  surcharge  the  reservoir  ro 
elevation  272.3.  This  level  is  1.6+  feet  below  the  top  of  dam., 
elevation  274.4.  The  test  flood  outflow  through  the  spillway  is 
150  cfs.  Normally,  the  water  surface  elevation  is  kept  at  269+, 
or  less.  This  would  provide  e.ncugh  storage  capacity  to  retain 
the  entire  108  acre-feet  PMF  runoff. 

5 . 5  Dam  Failure  Analysis 

I  Dam  failure  analysis  was  performed  assuming  the  initial 

water  level  at  elevarion  274.4+,  top  of  dam.  The  main  dam  and 
the  four  dikes  have  three  separate  dam  failure  impact  areas. 
Failure  analysis  was  performed  for  the  three  impact  .areas  of  the 
.main  dam  (and  east  dike)  and  dikes  -2  (and  and  -*4,  as  shown 

on  ohe  dam  failure  impact  map  in  Appendix  D.  Since  dike  -3  has 
the  sam.e  hydraulic  height  and  impact  area  as  dike  =*2,  it  was  not 
analyzed  for  dam  failure.  Similarly,  he  east  dike  has  the  same 
impact  area  as  the  main  dam  and  it  was  not  analyzed  separately. 

It  was  assumed  ohat  the  Hultman  Aqueduct  water  flow  into  Norumibeaa 
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Reservoir  would  be  stopped  by  MDC  personnel.  This  would  be  acccrn- 
plished  by  installing  stoplogs  into  the  concrete  bulk-head  between 
the  Hultman  Aqueduct  and  the  Norumbega  intake  channel.  See  gate¬ 
house  plan  in  Appendi.x  B. 

Main  Dam 

Considering  a  failure  at  the  main  dam,  the  peak  failure 
discharge  from  a  25  foot  high,  445  foot  long  section,  is  37,389 
cfs.  The  spillway  would  be  discharging  500  cfs  just  prior  to 
failure.  Flood  damage  caused  by  the  500  cfs  base  flow  was 
determined  so  that  the  damage  caused  by  each  condition  could 
be  assessed.  These  flows  were  then  combined  and  routed  down¬ 
stream  using  the  Crops  Rule  of  Thumb  method  to  determine  the 
dam  failure  impact  area.  Failure  stage  includes  base  flow  stage. 

The  access  road  dike  is  a  continuation  of  the  main  dam. 

A  failure  of  this  dike  would  i.mpact  the  same  general  area  as 
the  main  dam.  But,  this  failure  discharge,  flood  stage  depths, 
and  resulting  damage  would  be  significantly  less  than  the  mail.  dam. 

The  initial  dam.  failure  discharge  will  overflow  Schencks 
Pond  dam,  located  ar';^roximately  1,000  feet  downstream,  by  about 
seven  feet.  Schencks  Pond  Dam  was  not  assumed  to  ha'.'e  failed. 

The  flood  wave  will  continue  toward  Oak  Street,  about  " 00  feet 
furt.her  downstream. 

The  first  impact  area  occurs  between  1,600  to  1,300  feet 
downstream.  Base  flow  flood  stage  is  about  one  foot  deep  in 
t.his  area.  About  si:-:  homes  and  Oak  Street  recei'.^e  about  one  foot 
of  flood  damage  from  base  flow.  Dam  failure  flood  stage  is  about 
seven  feet  deep.  The  six  homes  damaged  by  base  flow  flooding 
are  also  dam.acred  by  dam  failure  flooding.  Fiaht  other  homes 
receive  dam  failure  flood  damaae  of  ab'^ut  twc 

.u.m  .s  . 


At  station  24+00,  base  flow  flooding  is  two  feet  deep. 

Two  homes  are  damaged  by  about  two  feet  of  water.  Dam  failure 
flood  stage  is  about  12  feet.  The  same  two  homes  receive  an 
additional  ten  feet  of  flooding  damage. 

Near  station  35+00,  the  Massachusetts  Turnpike  is  flooded 
by  a  base  flow  stage  about  two  feet  deep.  The  dam  failure 
flood  stage  is  about  nine  feet  deep. 

The  fourth  impact  area  occurs  near  station  42+00.  Here, 
three  homes  are  damaged  by  base  flow  flood  water  about  two  feet 
deep.  Dam  failure  flood  stage  is  about  seven  feet  deep.  The 
three  homes  damaged  by  base  flow  flooding  are  also  damaged 
by  dam  failure  flcodij-.g.  Three  other  homes  receive  five  feet 
of  flood  damage  due  to  dam  failure. 

The  fifth  impact  area  occurs  near  station  53+00.  Base  flow 
flooding  about  one  foot  deep  impacts  two  homes.  Dam  failure 
flood  stage  is  about  eight  feet  deep.  South  Avenue  is  flooded 
by  at  least  two  feet  of  water.  The  two  homes  flooded  by  the 
base  clow  receive  lar  failure  flooding.  Nine  additional 
homes  are  damaged  by  about  two  feet  of  dam  failure  flood 
water . 

Beyond  this  area,  additional  flooding  could  occur  at  the 
Massachusetts  Turnpike  and  Route  123  interchange  as  the  remaining 
dam  failure  outflow  of  24,300+  cfs  flows  into  the  Charles  River. 

Dike 

The  second  failure  analysis  was  Cone  for  Dike  42.  The  impac 
area  is  along  the  Aqueduct  right-of-way  towards  Wellesley  Street 
and  the  swamp  area  near  the  Massachusetts  Turnpike.  At  this 
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location  with  water  assumed  at  the  crest  of  the  dike,  a  200 
foot  long  dike  section,  15  feet  high,  fails  and  develops  a 
peak  discharge  of  7,800+  cfs.  This  dike  does  not  contain  a 
spillway  thus,  there  will  be  no  base  flow  flooding  condition. 

Dike  #3  was  not  analyzed  for  failure  but  it  has  t.he  same 
impact  area  as  dike  #2. 

The  area  downstream  is  undeveloped  until  Wellesley  Street 
at  station  27+00.  Here,  there  are  two  residential  structures. 
Their  approximate  ground  elevations  are  210  and  200.  Two 
barns  are  at  elevation  200.  The  house  at  elevation  210+  appears 
to  be  above  the  flood  level  of  205+.  The  remaining  house  and 
two  barns  could  receive  up  to  five  feet  of  flood  damage  due  to 
dam  failure. 

Beyond  this  location,  the  remaini.ng  outflow  of  6,730  cfs 
could  conti.nue  further  downstream  and  cause  additional  flood 
damage  near  Winter  Street. 

Dike  ~4 

The  third  failure  analysis  was  performed  for  dike  =4,  near 
Glenn  Road.  Dike  »4  does  not  contain  a  spillway,  therefore  there 
is  no  base  flow  flooding  condition.  The  failure  discharge  of 
7,314+  cfs  was  developed  by  considering  a  200  foot  long  section 
of  the  15  foot  high  embankment  failed  with  water  to  t.he  crest. 

The  failure  discharge  will  flow  westerly,  towards  the  swampy 
area  beyond  V-Jellesley  Street,  about  4,000  feet  downstream. 

Within  the  first  1,000  foot  downstream  impact  area,  the 
dam  failure  flood  stage  varies  from  six  to  ten  feet.  Glen  Road 
is  flooded  by  six  feet  of  water.  Three  homes  are  also  damaged. 
Two  by  five  feet  and  one  by  two  feet  of  flood  water. 
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Between  stations  10+00  and  32+00  downstream,  dam  failure 
flood  stage  is  six  feet  deep.  Thirteen  homes  receive  at  least 
two  feet  of  flood  damage.  About  15  homes  receive  about  six 
feet  of  flood  damage.  Part  of  Wellesley  Street  is  also  flooded 
by  about  four  feet  of  flood  water. 

Between  station  32+00  and  Wellesley  Street  at  station 
38+00  ,  flood  stage  varies  from  six  to  three  feet.  Ten  hom.es 
receive  about  four  feet  of  flood  damage.  Two  houses  and  Wellesley 
Street  receive  about  three  feet  of  flood  damage. 

Beyond  this  location,  the  remaining  6,534  cfs  discharge 
could  cause  additional  damage  near  the  Winter  Street  and 
Nonesuch  Pond  area. 

The  main  dam  and  dikes  2  (and  3)  and  4  are  all  high  hazard. 
The  possibility  of  loss  of  life  occurring  from  the  failure  of 
the  dam  or  dikes  is  high. 
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SECTION  6 


EVALUATION  OF  STRUCTURAL  STABILITY 


6 . 1  Visual  Observations 

The  visual  observations  did  not  disclose  any  immediate 
stability  problems.  However,  several  problems  were  observed 
which,  if  allowed  to  continue,  could  lead  to  instability  of 
the  dam  or  dikes  in  the  future.  These  are: 

a.  erosion  of  the  upstream  and  downstream  slopes 
of  the  main  dam  near  the  gatehouse. 

b.  tree  growth  on  the  upstream  and  downstream  slopes 
of  the  dikes. 

6 . 2  Design  and  Construction  Data 

Design  drawings  by  the  Commonwealth  of  Massachusetts 
Metropolitan  District  Water  Supply  Commission  dated  1944  were 
reviewed.  The  dam  and  dikes  were  constructed  around  1940. 

The  following  geotechnical  information  was  obtained  from 
a  drawing  of  typical  cross  sections  through  the  dam  and  dikes: 

a.  The  upstream  and  downstream  slopes  of  the  dam  and 
dikes  are  2H:iV. 

b.  The  dam  and  dikes  are  zoned  earth  embankments  wiah 
cores  consisting  of  "rolled  im.pervious"  soil. 

c.  The  dam  and  dikes  are  founded  on  earth  with  the 
exception  of  the  cores  which  are  founded  on  bed¬ 
rock.  A  separate  drawing  showing  a  cross  section 
of  the  east  dike  from  Sta.  12+00  to  Sta.  15-^00 
indicates  that  the  core  in  t.his  distance  may  rest 
on  a  soil  foundation. 

I 
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d.  The  rock  beneath  the  core  was  grouted  through 

shallow  drill  holes.  A  concrete  slab  was  placed 
on  a  cleaned  rock  surface.  An  exception  to  the 
above  is  for  t.he  east  dike  between  Sta.  12  +  00 
and  Sta.  15+60  where  no  grouting  was  performed 
and  no  concrete  cutoff  was  placed. 

Design  drawings  indicate  that  borings  and  test  pits  were 
made  at  the  location  of  and  in  the  vicinity  of  the  dam  and  dikes. 
Logs  of  some  of  the  test  pits  are  given  in  the  design  drawings, 
but  no  boring  logs  are  given.  Bedrock  outcrops  are  indicated 
on  several  of  the  design  drawings. 

Design  drawings  of  the  spillway  indicate  that  it  has  a 
bedrock  floor. 

Photobooks  of  the  dam  and  dike  construction  exist  but  were 
not  critically  reviewed  for  the  Phase  I  level  of  investigation. 

6 . 3  Post  Construction  Changes 

No  significant  post  construction  changes  to  the  dam  are 
known . 

6 . 4  Seismic  Stability 

The  dam  is  located  near  the  boundarv  of  S<=ismic  Zones  2 
and  3.  Considering  its  height,  a  seismic  stability  investigation 
should  be  conducted  as  recommended  in  Section  7. 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS  a.  REMEDIAL  MEASURES 


7 . 1  Dam  Assessment 

a .  Condition 

On  the  basis  of  the  visual  inspection  and  available 
records,  the  dam  and  dikes  are  judged  to  be  in  generally  good 
condition.  However,  due  to  excessive  growth  of  brush  and  trees 
on  the  slopes  of  the  dam  and  dikes  and  the  lack  of  seismic  sta¬ 
bility  investigations,  the  overall  rating  is  fair. 

b .  Adequacy  of  Information 

The  information  made  available  and  the  visual  inspection 
are  adequate  for  a  Phase  I  level  of  inspection. 

c .  Urgency 

The  recommendations  and  remedial  measures  presented  in 
Sections  7.2  and  7.3  should  be  implemented  within  one  year  after 
receipt  of  this  Phase  I  Inspection  Report  by  the  Owner. 

7 . 2  Recommendations 

The  Owner  should  engage  a  qualified  registered  professional 
engineer  to  investigate  and  design  required  remedial  measures  for: 

a.  Means  of  removing  trees  and  roots  from  the  dam  and  dikes  and 
selecting  acceptable  backfill  for  holes  caused  by  root  removal. 

b.  The  seismic  stability  of  the  dam  in  accordance  wit.h 
Phase  I  guidelines. 
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7 . 3  Remedial  Measures 

a .  Operation  and  Maintenance  Procedure 

1.  Surface  water  runoff  from  asphalt  parking  lot  near 
the  gatehouse  should  be  prevented  from  flowing  down  the  upstream 
slopes  of  the  dam.  Eroded  areas  on  the  upstream  and  downstream 
slopes  caused  by  past  runoff  should  be  repaired. 

2.  Brush  growth  and  trees  on  the  upstream  and  downstream 
slopes  of  the  dam  and  dikes  and  the  spillway  floor  should  be  cut 
as  a  part  of  the  iMDC '  s  routine  annual  maintenance.  Grass  cover 
should  be  established  and  cut  several  times  each  growth  season 

as  a  part  of  routine  annual  maintenance. 

3.  The  Owner  should  establish  a  formal  warning  system 
for  notifying  downstream  areas  in  the  event  of  an  emergency. 

4.  The  Owner  should  prepare  a  formal  emergency  opera¬ 
tional  procedure  for  its  personnel  to  be  kept  at  the  gatehouse. 
This  should  include  a  procedure  for  monitoring  the  reservoir 
water  surface  level  during  periods  of  heavy  rainfall  and  the 
determination  of  when  stoplogs  should  be  installed  to  stop  the 
flow  of  water  from  the  Hultman  Aqueduct  into  Norumbega  Reservoir 
and  Schencks  Pond. 

5.  The  dam  and  dikes  should  be  inspected  every  year  by 
qualified  registered  professional  engineers  who  can  identify  con¬ 
ditions  of  concern  which  if  left  unchecked  could  jeopardize  t.he 
safety  of  t.he  dam.  This  inspection  should  be  performed  at  both 
high  and  low  reservoir  levels. 

7 . 4  Alternatives 

There  are  no  practical  alternatives  for  the  recommendations. 
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?j:serv3is  da-'-i  i  jirss 


:.  3:,  1^79 


Geocechnical  Er.qineer 


Structual  Engineer 


9" 


274.4  (NGVD- Approx)  1 

269+  j 

Unrknown 

I  Mone  of  significance. 

{  Pavemenc  separated  from  downstream  wall 
I  of  outlet  structure.  j 

I  None  observed.  I 


None  observed. 


No  vertical  misalignment  observed. 


I".  ZOn  '.1  i 


No  horizontal  misalignment  observed. 


.,r.  \  ;■ . 


K  CobCto'.9  i  Good. 


J  r  '  r,>c  C  .J  r*  J  . 


None  observed. 


) "  or  Erosion  channels  on  downstream  and  up-  . 

stream  slopes  caused  by  runoff  from 
parking  lot;  downstream  slope  is  hum- 
-  F.i-:).jrGS  niocky. 

None  obseim/ed. 

al  Of  .eOf  |  None  observed. 


I  Mone  observed. 


None  observed. 


.None  observed. 


1  None  observed.  ^  v-y 

i  <?*  -i- 

'  C? 

I  None.  ^ 

I 

I 

!  Brush  on  downstream  slore. 


3 


PERIODIC  lUSPECTION  CHECKLIST 


PROJECT  NORUMBEGA  RESERVOIR  DAM  S  DIKES 

PROJECT  FEATURE  East  Dike  and  Dike  #2 

DISCIPLINE  Geotechnical  Engineer _ 

Structural  Engineer 


AREA  EVALUATED 


DAM  EHBANKflEflT 


Crest  Elevation 
Current  Pool  Elevation 
Maximum  Impoundment  to  Date 
Surface  Cracks 
Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  ana  at  Concrete 
Structures 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassing  on  Slopes 
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APPENDIX  B 

ENGINEERING  DATA 
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!forumbe^a  Reservoir  Dam  s  Dikes 


LIST  OF  ENGINEERING  DATA 


1.  As-built  plans  dated  1944  were  available  at  the 
MDC  Water  Division  Office  at  20  Somerset  Street, 
Boston,  Massachusetts. 

2.  A  State  Inspection  Report  dated  1974  was  available 
at  the  Department  of  Environmental  Quality  Engi¬ 
neering,  Division  of  Waterways,  100  Nashua  Street, 
Boston,  Massachusetts. 
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Xorumbega  Reser’jnir  Dam  \ 


PHOTO  NO.  1  -  Upstream  slope  of  Dam  as  viewed  from 
the  East  Dike. 


PHOTO  NO.  3  -  Downstream  slope  of  Dam  as  viewed  from  left 
abutment  area . 


PHOTO  NO .  4  -  Downstream  slope  of  Dam  as  viewed  from  right 
abutment  area  near  gatehouse. 


PHOTO  NO .  5  -  Spillway  as  viewed  from  upstream  end. 


PHOTO  NO.  9  -  Eroded  area  on 

upstream  slope  of  Dam  right 
of  the  gatehouse  as  viewed 
from  bottom  of  slope;  scale 
open  to  6  feet. 
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N0«  11  -  Crest  of  Dam  as  viewed  form  right  abutment 
area  near  gatehouse. 


PHOTO  NO.  12  -  Eroded  area  on 
downstream  slope  of  Dam 
near  the  gatehouse. 
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II 
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PHOTO  NO.  15  -  General  view  of  East  Dike  looking 
toward  gatehouse. 

I 

I 
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PHOTO  NO.  18  -  Downstrecun  area  of  Dike  4  as  viewed  from 


PHOTO  NO.  22  -  View  of  clay  pipe  in  drainage  ditch  on  down¬ 
stream,  left  side  of  Dike  2. 
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I 


PHOTO  NO .  23  -  Drainage  ditch  on 

downstream,  left  side  of  Dike 
2  looking  toward  the  dike;  this 
photo  was  taken  downstream  of  the 
clay  pipe  shown  in  Photo  No.  22. 


a 


PHOTO  NO.  24  -  Separation  of  asphalt 
paving  from  the  downstream  wall 
of  the  gatehouse;  also  pipe 
entering  asphalt  paving  at  the 
left  side  of  the  wall. 


PHOTO  NO.  25  -  Pipe  entering  asphalt  paving  at  the  right 
side  of  the  downstream  wall  of  the  gatehouse. 


PHOTO  NO.  27  -  View  of  Dike  No.  3.  Roadway  is  at 
the  toe  of  the  embankment  for  spoil  area  as 
shown  in  Appendix  B. Drawing  on  page  B-9. 
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